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METAL LINE LAYOUT BASED ON LINE However , at least starting with the 45 nm node , the 
SHIFTING minimum feature size on the mask has reached sub - wave 

length dimensions . Consequently , the so - called optical prox 
BACKGROUND OF THE INVENTION imity effect caused by non - uniformity of energy intensity 

5 due to optical diffraction during the exposure process occurs . 
1 . Field of the Invention Therefore , optical proximity correction is used to solve 
Generally , the present disclosure relates to the field of pattern deformation caused by the optical proximity effect . 

integrated circuits and , in particular , to the formation of The optical proximity effect , due to variations in focus and 
metal lines in BEOL processing . exposure of the lithography process , leads to parts of the 

2 . Description of the Related Art 10 design layout resulting in hot spots in the form of bridging , 
The fabrication of advanced integrated circuits , such as necking , line - end shortening , etc . Due to the formation of 

CPUs , storage devices , ASICs ( application specific inte - hot spots , printed circuits may fail certain specifications 
grated circuits ) and the like , requires the formation of a large thereby reducing the production yield . 
number of circuit elements on a given chip area according to Optical proximity correction ( OPC ) has been employed in 
a specified circuit layout . In a wide variety of electronic 15 order to reduce pattern deformation ( hot spot formation ) 
circuits , field effect transistors represent one important type caused by the optical proximity effect . OPC is the process of 
of circuit element that substantially determines performance correcting the layout of target patterns to be transferred onto 
of the integrated circuits . Generally , a plurality of process a wafer using knowledge of the optical proximity effect . 
technologies are currently practiced for forming field effect Generally , current OPC techniques involve running a com 
transistors ( FETs ) , wherein , for many types of complex 20 puter simulation that takes an initial data set having infor 
circuitry , metal - oxide - semiconductor ( MOS ) technology is mation relating to the desired pattern and manipulates the 
currently one of the most promising approaches due to the data set to arrive at a corrected data set in an attempt to 
superior characteristics in view of operating speed and / or compensate for the above - mentioned concerns . A reticle can 
power consumption and / or cost efficiency . During the fab - then be made in accordance with the corrected data set . The 
rication of complex integrated circuits using , for instance , 25 formed reticle may include " hammerheads " or " serifs " 
complementary MOS ( CMOS ) technology , millions of added to line ends to effectively anchor them in place and 
N - channel transistors and P - channel transistors are formed provide reduced pull back . Moreover , completely indepen 
on a substrate including a crystalline semiconductor layer . dent and non - resolvable assist features may be added to the 

The semiconductor manufacturing process typically mask that are intended to modify the aerial image of a 
includes two major components , namely the Front - End - of - 30 nearby main feature to enhance the printability and process 
Line ( FEOL ) , which includes the multilayer process of tolerance of that main feature . Such features may be pro 
forming semiconductor devices ( transistors , etc . ) on a semi - vided in the form of scattering bars . 
conductor substrate , and the Back - End - Of - Line ( BEOL ) , However , due to the ongoing reduction of critical dimen 
which includes the metallization after the semiconductor s ions and semiconductor device features , metal line forma 
devices have been formed . Proper electrical connection of 35 tion , in particular , on the basis of copper materials in 
the semiconductor devices is accomplished by multilayer advanced semiconductor manufacturing , in particular , 
metallization . Each metallization layer consists of a grid of complementary metal - oxide - semiconductor ( CMOS ) manu 
metal lines sandwiched between one or more dielectric facturing , is a critical issue in dense pattern regions . Despite 
layers for electrical integrity . In fact , manufacturing pro - the recent advances in OPC technology , it is still very 
cesses can involve multiple metallization layers . For 40 difficult to form dense metal line structures with very small 
instance , in forming a copper - based metallization layer , the interspaces between individual metal lines without causing 
so - called inlaid or damascene technique is presently a pre - random defects of the formed integrated circuit . Particularly , 
ferred manufacturing method to create metal lines and via . the formation of copper metal lines poses problems due to 
To this end , a dielectric layer , typically comprised of a low - k the limited ability to fill copper into critical minimum 
dielectric , is deposited and patterned so as to receive 45 features ( trenches , for example ) . Moreover , densely packed 
trenches and vias in accordance with design requirements . metal lines undesirably show increased resistances and 

The formation of IC structures on a wafer is usually capacitive couplings . In addition , high series resistance of 
facilitated by lithographic processes used to transfer a pat - the metal lines , due to design restriction in view of the line 
tern of a reticle ( mask , both terms are used interchangeably width , may result in high current densities , which may lead 
herein ) to a wafer . Patterns can be formed from a photoresist 50 to degraded performance and reduced reliability due to 
layer disposed on the wafer by passing light energy through increased electromigration , i . e . , a current induced material 
a mask having an arrangement to image the desired pattern flow caused by high current densities . 
onto the photoresist layer . As a result , the pattern is trans 
ferred to the photoresist layer . In areas where the photoresist SUMMARY OF THE INVENTION 
is sufficiently exposed , and after a development cycle , the 55 
photoresist material becomes soluble such that it can be The following presents a simplified summary of the 
removed in order to selectively expose an underlying layer invention in order to provide a basic understanding of some 
( e . g . , a semiconductor layer , a metal or metal - containing aspects of the invention . This summary is not an exhaustive 
layer , a dielectric layer , a hard mask layer , etc . ) . Portions of overview of the invention . It is not intended to identify key 
the photoresist layer not exposed to a threshold amount of 60 or critical elements of the invention or to delineate the scope 
light energy will not be removed and serve to protect the of the invention . Its sole purpose is to present some concepts 
underlying layer during further processing of the wafer ( e . g . , in a simplified form as a prelude to the more detailed 
etching exposed portions of the underlying layer , implanting description that is discussed later . 
ions into the wafer , etc . ) . Thereafter , the remaining portions Generally the subject matter disclosed herein relates to the 
of the photoresist layer can be removed . As an alternative to 65 manufacture of integrated circuits and semiconductor 
the described positive tone resist process , the complemen - devices comprising BEOL processing including the forma 
tary negative tone resist process can be used . tion of metal lines . In view of the situation described above , 
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Wh the present disclosure provides means for increasing the While the subject matter disclosed herein is susceptible to 

metal line pitches ( distances ) based on a properly designed various modifications and alternative forms , specific 
layout comprising metal line shifting ( displacement ) of embodiments thereof have been shown by way of example 
identified semi - isolated metal lines . in the drawings and are herein described in detail . It should 

A method of Back - End - Of - Line ( BEOL ) processing of a 5 be understood , however , that the description herein of spe 
semiconductor device ( an integrated circuit , for example ) is cific embodiments is not intended to limit the invention to 
provided including providing a layout for metal lines of a the particular forms disclosed , but on the contrary , the 
metallization layer of the semiconductor device , determin intention is to cover all modifications , equivalents , and 
ing a semi - isolated metal line in the provided layout and alternatives falling within the spirit and scope of the inven 
shifting at least a portion of the determined semi - isolated 10 tion as defined by the appended claims . 
metal line . The metallization layer may be the second , third DETAILED DESCRIPTION or higher metallization layer of the semiconductor device . A 
metal line is determined to be a semi - isolated metal line if Various illustrative embodiments of the invention are it is separated from a neighbored portion of another metal 15 described below . In the interest of clarity , not all features of line by a distance exceeding a predetermined threshold , for an actual implementation are described in this specification . 
example , twice the width of the metal line or more . The at It will of course be appreciated that in the development of 
least a portion of the metal line is shifted ( displaced ) into any such actual embodiment , numerous implementation 
available ( unoccupied ) space provided by the layout before specific decisions must be made to achieve the developers ' 
the shifting process in order to increase the distance of the 20 specific goals , such as compliance with system - related and 
shifted portion from the neighbored metal line . business - related constraints , which will vary from one 

Furthermore , a method of generating a layout for metal implementation to another . Moreover , it will be appreciated 
lines of a metallization layer of a semiconductor device is that such a development effort might be complex and 
provided . The method of generating the layout includes time - consuming , but would nevertheless be a routine under 
providing a first layout comprising metal lines of the met - 25 taking for those of ordinary skill in the art having the benefit 
allization layer , determining semi - isolated metal lines ( de 
fined as stated above ) of the metal lines of the first layout and The following embodiments are described in sufficient 
shifting at least portions of the determined semi - isolated nortions of the determined semi - isolated detail to enable those skilled in the art to make use of the 
metal lines into available ( free ) space of the first layout to disclosure . It is to be understood that other embodiments 
generate a second layout such that the shifted portions are 30 would be evident , based on the present disclosure , and that 
located farther away from closest neighbored metal lines in system , structure , process or mechanical changes may be 
the second layout as compared to the first layout . For made without departing from the scope of the present 
example , if it is determined that a first metal line of the first disclosure . In the following description , numeral - specific 
layout that is neighbored to a second metal line as the closest details are given to provide a thorough understanding of the 
neighbor of the first metal line is a semi - isolated metal line , 35 disclosure . However , it would be apparent that the embodi 
it is located farther away from the second metal line in the ments of the disclosure may be practiced without the specific 
second layout than in the first layout . In particular , the first details . In order to avoid obscuring the present disclosure , 
metal line is determined to be a semi - isolated metal line if some well - known circuits , system configurations , structure 
it is spaced apart from a neighbored third metal line by at configurations and process steps are not disclosed in detail . 
least a predetermined distance . After the shifting process , the 40 The present disclosure will now be described with refer 
first metal line may be located closer to the third metal line ence to the attached figures . Various structures , systems and 
in the second layout as compared to the first layout . devices are schematically depicted in the drawings for 

The above - described layouts can be used for designing purposes of explanation only and so as to not obscure the 
and producing a mask that can be used for the formation of present disclosure with details which are well known to 
a metallization layer of a semiconductor device . 45 those skilled in the art . Nevertheless , the attached drawings 

are included to describe and explain illustrative examples of 
BRIEF DESCRIPTION OF THE DRAWINGS the present disclosure . The words and phrases used herein 

should be understood and interpreted to have a meaning 
The disclosure may be understood by reference to the consistent with the understanding of those words and 

following description taken in conjunction with the accom - 50 phrases by those skilled in the relevant art . No special 
panying drawings , in which like reference numerals identify definition of a term or phrase , i . e . , a definition that is 
like elements , and in which : different from the ordinary or customary meaning as under 
FIGS . 1a and 1b illustrate an example of a layout based stood by those skilled in the art , is intended to be implied by 

on metal line shifting ; consistent usage of the term or phrase herein . To the extent 
FIGS . 2a - 2d illustrate examples of layouts based on metal 55 that a term or phrase is intended to have a special meaning , 

line shifting ; i . e . , a meaning other than that understood by skilled artisans , 
FIG . 3 shows a flow chart illustrating an example of the such a special definition shall be expressively set forth in the 

herein disclosed method of generating a layout based on line specification in a definitional manner that directly and 
shifting ; unequivocally provides the special definition for the term or 
FIGS . 4a - 4f show typical patterns stored in a pattern 60 phrase . 

catalog that can be used for the line shifting procedures Generally , manufacturing techniques for integrated cir 
illustrated in FIGS . 1a - 2d and described with reference to cuits are described herein . The manufacturing techniques 
FIG . 3 ; may be integrated in CMOS manufacturing processes . As 

FIG . 5 shows a cross - sectional view of a metallization will be readily apparent to those skilled in the art upon a 
layer comprising a metal line ; and 65 complete reading of the present application , the present 

FIG . 6 shows a cross - sectional view of a semiconductor method is applicable to a variety of technologies , for 
device comprising two metallization layers and metal lines . example , NMOS , PMOS , CMOS , etc . , and is readily appli 
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cable to a variety of devices , including , but not limited to , of any desired shape , depth or configuration . For example , 
logic devices , memory devices , SRAM devices , etc . , in the metal layer 108 may extend to an underlying conductive 
principle . The techniques and technologies described herein structure through a via ( not shown in FIG . 5 ) . 
can be utilized to fabricate MOS integrated circuit devices , Another example for advanced structures of metal lines 
including NMOS integrated circuit devices , PMOS inte - 5 that might be formed in an integrated circuit or semicon 
grated circuit devices , and CMOS integrated circuit devices . ductor device based on the layouts shown in FIGS . 1a - 2d is 
In particular , the process steps described herein are utilized illustrated in FIG . 6 . FIG . 6 illustrates a cross - sectional view 
in conjunction with any semiconductor device fabrication of a semiconductor device 200 comprising a substrate 201 
process that forms gate structures for integrated circuits , and a first metallization layer 220 formed above the sub 
including both planar and non - planar integrated circuits . 10 strate 201 . The substrate 201 may represent any appropriate 
Although the term “ MOS ” properly refers to a device having carrier material for forming therein and thereabove respec 
a metal gate electrode and an oxide gate insulator , that term tive circuit elements , such as transistors , capacitors and the 
is used throughout to refer to any semiconductor device that like . For example , the substrate 201 may comprise a silicon 
includes a conductive gate electrode ( whether metal or other based material , an upper portion of which may represent a 
conductive material ) that is positioned over a gate insulator 15 semiconductor layer for forming therein and thereabove 
( whether oxide or other insulator ) which , in turn , is posi - semiconductor elements , as required by the circuit layout 
tioned over a semiconductor substrate . under consideration . In other cases , the substrate 201 may 

The present disclosure , generally , provides techniques of represent an insulating material , in combination with an 
manufacturing integrated circuits wherein , during the BEOL appropriate semiconductor layer , thereby establishing an 
processing , metal line structures ( layouts ) may be formed 20 SOI - like ( semiconductor - on - insulator ) configuration , 
where individual metal lines may be formed with increased wherein the SOI - like configuration , however , may be pro 
distances from each other as compared to the art . vided only partially across the substrate 201 , depending on 

FIG . la shows a top view of an exemplary metal line the specific requirements for the circuit elements under 
layout of a second , third or higher metallization layer , for consideration . 
example , wherein the metal line layout might be provided by 25 The first metallization layer 220 may be formed over a 
a standard layout process as a starting point for an example variety of integrated circuit devices , such as transistor 
of the herein disclosed method . At least some of the metal devices , capacitor devices , resistor devices , RAM cells , etc . 
lines M ( shown hatched to be formed according to the The first metallization layer 220 represents the first metal 
layouts shown in FIGS . 1a and 1b as well as FIGS . 2a - 2d ) lization layer in the sense that the layer 220 is the first wiring 
may be formed according to the so - called " via first / trench 30 level of the device 200 above the device layer , wherein 
last ” approach , in which openings for vias are formed first respective vertical contacts ( not shown ) may establish an 
in an interlayer dielectric material and subsequently trench electrical connection to one or more metal lines 222 , which 
openings are patterned , or according to the so - called “ trench may be formed within a dielectric material 221 of the first 
first / via last ” approach , in which the trenches are formed metallization layer 220 . Alternatively , the first metallization 
first and thereafter the via openings are provided on the basis 35 layer 220 may represent any metallization level below and 
of sophisticated lithography and etch techniques . During the above which one or more metallization layers may be 
" via first / trench last " approach , the surface topography located . The dielectric material 221 of the layer 220 may be 
resulting from the patterning of the interlayer dielectric provided in the form of any suitable dielectric material , 
material may be planarized prior to actually patterning the which may comprise , in sophisticated applications , a low - k 
trench openings on the basis of an appropriate material , such 40 dielectric material , wherein a relative permittivity of the 
as a polymer material , a photoresist material , etc . low - k dielectric material may be 3 . 0 or less , or the dielectric 

FIGS . 5 and 6 illustrate metal lines that might be formed material 221 may be comprised of silicon dioxide , silicon 
based on the layouts shown in FIGS . 1a - 2d . As shown in oxynitride or silicon nitride . The metal line 222 may com 
FIG . 5 , according to an exemplary configuration , a metal prise as a main component a highly conductive metal , such 
lization layer 100 comprises an interlayer dielectric ( ILD ) 45 as copper , copper alloys , silver , silver alloys , aluminum and 
102 wherein trenches have been formed . A barrier layer 104 the like . Furthermore , the metal line 222 may comprise an 
has been formed over the ILD 102 . A metal line layer 108 , appropriate barrier material ( such as the barrier layer 104 
for example , comprising or consisting of copper , has been illustrated in FIG . 5 ) so as to confine the main component of 
formed over the barrier layer 104 , for example , by electro - the highly conductive metal in order to suppress undue 
plating or electroless plating , followed by chemical 50 out - diffusion of metal atoms into the surrounding dielectric 
mechanical polishing performed to remove excessive mate material 221 . 
rial . The metal line 222 may have a length direction ( horizon 

The barrier layer 104 may comprise , for example , tanta - tal direction in FIG . 6 ) , and may also have a width direction 
lum nitride , tantalum , titanium nitride , titanium - tungsten , ( direction perpendicular to the drawing plane of FIG . 6 ) . In 
tungsten , tungsten nitride , titanium silicon nitride , silicon 55 complex integrated circuits , respective metal lines , such as 
nitride , cobalt or ruthenium , etc . The barrier layer 104 may the metal line 222 , may be formed such that these lines 
be formed by performing a physical vapor deposition ( PVD ) extend substantially in parallel , while metal lines of a 
process , an atomic layer deposition ( ALD ) process , a chemi - vertically adjacent metallization layer may also substantially 
cal vapor deposition ( CVD ) process or plasma - enhanced extend in parallel within the vertically adjacent metallization 
versions of such processes . In some applications , ruthenium 60 layer , but they extend in a length direction that is perpen 
or a ruthenium alloy may be employed on top of the barrier dicular to the length direction of the first metallization layer 
layer material because it bonds strongly with copper metal , 220 . In this context , any positional statements given herein 
which may improve the device ' s electromigration resis should be considered as “ relative ” positional information , 
tance . Cobalt or a cobalt alloy may also be employed as a wherein the substrate 201 or a respective surface or interface 
part of the barrier layer material since it also tends to bond 65 thereof may act as a reference . Hence , a " vertical ” direction 
very well with copper metal . The metal layer 108 may be may be considered as a direction of a surface normal of the 
representative of any type of a conductive copper structure , substrate 201 while a “ horizontal ” direction may represent a 



US 9 , 898 , 572 B2 

lateral direction parallel to a respective surface or interface the metal lines may also be changed if considered appro 
defined by the substrate 201 . In this sense , the first metal priate . In particular , the widths of the shifted portions Ms of 
lization layer 220 is formed " above ” the substrate 201 , and the metal lines may be increased to increase current trans 
a cap layer 225 , representing a portion of the first metalli port capabilities . It is to be understood that , in this descrip 
zation layer 220 , is formed “ above ” the dielectric material 5 tion , a shift of a metal line may comprise the shift of a finite 
221 and the metal line 222 . semi - isolated portion of a metal line ( portion of a semi The cap layer 225 may be comprised of any appropriate isolated metal line ) only . The individually shifted ( portions dielectric material , which , in some illustrative embodiments , of ) metal lines Ms are indicated by the solid rectangles . may provide a reliable confinement of the metal line 222 Non - shifted ( portions of ) metal lines are indicated by M in while also acting as an efficient etch stop layer during the 107 FIG . 16 . It goes without saying that electrical connections of patterning of a dielectric material of a metallization layer to shifted Ms and non - shifted portions M of metal lines have to be formed above the layer 220 . In some illustrative embodi be preserved . Moreover , it has to be observed that portions ments , the cap layer 225 may be comprised of a material 
having a moderately low permittivity , such as silicon car of metal lines comprising vias Vu , Vd should not be shifted . 
bide , nitrogen - containing silicon carbide , silicon dioxide , 15 This can be guaranteed by considering the locations of vias 

silicon oxynitride and the like . during the process of determining or identifying the exis 
As shown in FIG . 6 , the semiconductor device 200 tence or presence of the semi - isolation configurations in the 

furthermore comprises a second metallization layer 240 layout , i . e . , by neglecting portions of metal lines comprising 
comprising another dielectric material 241 that may com vias Vu , Vd during the determination process , for example . 
prise one of the materials that are described above with 20 In the example shown in FIG . 15 , a predetermined ( iso 
reference to the dielectric material 221 of the first metalli - lation ) distance of 2 times the width of a ( portion of a ) metal 
zation layer 220 . The second metallization layer 240 shown line M under consideration is chosen and a shift of a 
in FIG . 6 may be the third , fourth , etc . metallization layer of semi - isolated ( portion of ) metal line M by 0 . 25 of the width 
the semiconductor device 200 . Metal lines 242A and 242B of the shifted ( portion of the ) metal line Ms is performed if 
may be formed in the second metallization layer 240 . The 25 the space between the ( portion of the ) metal line and another 
metal lines 242A and 242B may comprise or consist of metal line is at least 2 times the width of the shifted ( portion 
copper . A via 243A may connect the metal line 242A with of the ) metal line but below 3 times the width of the shifted 
the metal line 222 , while the metal line 242B may be ( portion of the ) metal line . In another example , a shift of a 
separated and thus electrically insulated from the metal line semi - isolated ( portion of metal line by 0 . 5 of the width of 
222 by the remaining portion of the cap layer 225 . The metal 30 the shifted ( portion of the ) metal line Ms is performed if the 
lines 242A and 242B may be metal lines formed according interspace between the ( portion of the ) metal line and 
to the layouts illustrated in FIGS . 1a - 2d . Note that the another metal line is at least 3 times the width of the shifted 
cross - sectional view of the metal lines 242A , 242B in FIG . ( portion of the ) metal line but below 4 times the width of the 
6 depicts the width direction of the metal lines 242A , 242B . shifted ( portion of the ) metal line . In yet another example , a 
Also note that the metal lines 242A , 242B in the second 35 shift of a semi - isolated ( portion of ) metal line by the width 
metallization layer 240 are positioned substantially parallel of the shifted ( portion of the ) metal line is performed if the 
to one another within the second metallization layer 240 and interspace between the ( portion of the ) metal line and 
that the length direction ( i . e . , a direction perpendicular to the another metal line is at least 4 times the width of the shifted 
drawing plane of FIG . 6 ) of the metal lines 242A , 242B is ( portion of the ) metal line . As illustrated in FIG . 1b , shifted 
substantially perpendicular to the length direction of the 40 portions Ms of metal lines may be extended in the layout in 
metal line 222 . order to preserve electrical connections . 

FIG . 1a shows metal lines M ( hatched structures ) and vias Of course , the numbers given in the description of FIGS . 
Vd connecting to a lower metallization layer and vias Vu la and 1b are given for exemplary purposes only . 
connecting to an upper metallization layer of a provided Another example of the herein disclosed method of lay 
layout that are to be formed in a metallization layer . Accord - 45 outs based on metal line shifts is illustrated in FIGS . 2a and 
ing to an exemplary method , semi - isolation configurations 25 and 2c and 2d , respectively , for a layout configuration 
are identified for this layout . A semi - isolation configuration different from the one shown in FIGS . 1 and 1b . Again , a 
indicated by solid rectangles S adjacent to corresponding conventionally provided layout may be a starting point and 
( portions of ) metal lines M are characterized in that there is semi - isolation configurations S are detected adjacent to the 
no neighbored metal line ( portion ) M with a distance below 50 metal lines M as shown in FIGS . 2a and 2c . Based on the 
a predetermined ( isolation ) distance . For example , in one determined semi - isolation configurations , metal line shifting 
embodiment , the predetermined ( isolation ) distance may be is performed as shown in FIGS . 2b ( for the configuration 
about 1 . 5 or 2 times the width of a ( portion of a ) metal line shown in FIGS . 2a ) and 2d ( for the configuration shown in 
under consideration . In this case , a semi - isolation configu - FIG . 2c ) , respectively . 
ration ( situation ) is determined to exist if a portion of a first 55 In all of the above - described examples , due to the shifted 
one of the metal lines M has no neighbored portion of a metal line approach , the above - described problems raised by 
second metal line that is within a distance that is less than the densely packed metal lines may be avoided . The distances of 
predetermined ( isolation ) distance , e . g . , a distance of less ( portions of ) metal lines to their closest neighbors may be 
than 1 . 5 or 2 times , respectively , of the width of the first significantly increased . Particularly , the shifted ( portions of ) 
metal line of the layout . 60 metal lines predetermined ( isolation ) distance may be 

After identifying all of the semi - isolation configurations formed with larger line width than before shifting due to 
that exist in the layout , the involved metal lines are shifted ( and governed by ) the space available . 
or moved within the layout and elongated to maintain An exemplary method of generating a layout for metal 
electrical contact between shifted Ms and non - shifted por - lines based on line shifting is now described with reference 
tions of the metal lines M to obtain an improved layout ( with 65 to the flow chart shown in FIG . 3 . A conventionally obtained 
respect to critical distances of closely neighbored metal layout for metal lines of a metallization layer is provided and 
lines ) as shown in FIG . 1b . Widths of shifted portions Ms of semi - isolated metal lines are detected 301 . 
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A metal line or a portion thereof may be determined or 4e illustrates a case for shifting a portion of a determined 

identified to be a semi - isolated metal line if that metal line semi - isolated metal line M in a configuration including a 
is separated from a neighbored portion of another metal line relatively large island I that may comprise a via V . The left 
by a distance exceeding a predetermined minimum spacing side of FIG . 4e shows a shift by half of the width of the 
that is considered appropriate for the structures . Before or 5 semi - isolated metal line M and the right side shows a shift 
after the process 301 is performed , the metal line at issue is by the width of the semi - isolated metal line M . FIG . 4f 
checked for the existence of any vias Vu , Vd , as indicated in illustrates a case for shifting a portion of a determined 
block 302 , that may contact the metal line at issue , as the semi - isolated metal line M in a configuration wherein some 
existence of such vias has to be taken into account in the fine tuning is needed ( the left side shows a shift by half of 
metal line shifting process because the locations of the vias 10 the width of the semi - isolated metal line M and the right side 
cannot be changed in the adaptation of the previously shows a shift by the width of the semi - isolated metal line M ) . 
provided layout during the line shifting . After checking for The regions indicated by R are , in principle , available for 
vias , as indicated in block 302 , a check or investigation is portions P of the semi - isolated metal line M that could be 
made as to the availability of unoccupied space for the line shifted according to a criterion based on available interspace 
shifting process of the metal line that is identified to be a 15 between neighbored metal lines . However , shifting of the 
semi - isolated metal line , as reflected in block 303 . portions P may not be considered appropriate in view of any 

Based on the detected semi - isolated metal line ( block design constraints different from the available space but 
301 ) , the checked vias ( block 302 ) and the determined considered for a fine tuning process . 
available space ( block 303 ) , the next operation involves The shifting process 305 of FIG . 3 may , alternatively , be 
determining a shift window for shifting the identified semi - 20 performed in a rule - based manner rather than a pattern 
isolated metal line , as indicated in step 304 . Using the based manner . In this case , a set of rules that inter alia may 
defined shift window ( block 304 ) , the identified ( portion of define the presence of vias and metal line portions of 
the ) semi - isolated metal line is shifted , as indicated in block integrated circuits may be read and used for the shifting 
305 , taking into account the available space as determined in process 305 . 
block 303 . The spatial shifting ( displacement ) may be per - 25 The above - described steps 301 to 305 of the process flow 
formed based on read design patterns of metal configura - illustrated in FIG . 3 may be repeated for the next neighbor 
tions stored in a pattern catalog . Examples for such patterns of the semi - isolated metal line , as indicated in block 306 . All 
that can be used for pattern matching in order to perform the identified semi - isolated metal lines of the entire layout may 
metal line shifting are illustrated in FIGS . 4a - 4f . The num - be shifted . In addition , some or all of the shifted metal lines 
bers shown in these figures denote dimensions in units of 30 may be upsized or increased in size , as indicated in block 
nm . These numbers are given for exemplary purposes only . 307 . In particular , shifted portions of semi - isolated metal 

FIG . 4a shows a simple shifting ( displacement ) of a lines may be extended in the longitudinal direction and they 
portion of a semi - isolated metal line M . On the left side of may be enlarged in a width direction or they may be enlarged 
FIG . 4a , a shift of a portion of a semi - isolated metal line by in both the length and width directions . OPC techniques may 
a quarter of the width ( F ) of the metal line M is shown . The 35 be employed in the upsizing process . Based on the thus 
shifted portion is indicated by Ms . The middle row of FIG . generated revised and improved layout , physical metal lines 
4b illustrates a shift by half of the width of the metal line M of a metallization layer may be formed . 
and the right side shows a shift by the width of the metal line The above - described examples of the herein disclosed 
M . Again , the lengths of the shifted portions may be varied methods may be implemented in computer systems . The 
In the regions W , no metal material will be printed after the 40 computer system may particularly include a pattern library 
shifting process . In all cases , the shifted portion Ms may be for storing patterns , for example the ones illustrated in FIGS . 
extended in the longitudinal direction of the metal line 4a - 4f . The computer system may further include a layout 
( direction from bottom to top in FIG . 4a ) . The degree of construction tool for generating a layout based on provided 
shifting may particularly depend on the available space , i . e . , design data of an integrated circuit , a pattern matching tool 
the interspace D between neighbored metal lines M under 45 for reading patterns from the pattern library and a layout 
consideration . FIG . 4b illustrates a similar case for shifting modification tool for generating a layout with shifted metal 
a portion of a determined semi - isolated metal line M of a lines . The design data may include circuit features , for 
dense pattern ( the left side shows a shift by half of the width example , metal lines formed of an electrically conductive 
of the semi - isolated metal line M and the right side shows a metal and vias filled with the electrically conductive metal 
shift by the width of the semi - isolated metal line M ) . 50 that can provide electrical connections between metal lines 

FIG . 4c illustrates a case for shifting a portion of a in different interconnect layers . The layout construction tool 
determined semi - isolated metal line M taking into account may provide a layout of an integrated circuit in a conven 
the location of a via V . On the left side of FIG . 4c , a shift of tional file format used for layout data such as GDSII or 
a portion of a semi - isolated metal line by a quarter of the OASIS . 
width of the metal line is shown . The shifted portion is 55 The computer system may include one or more conven 
denoted by Ms . The middle row of FIG . 4c illustrates a shift tional computers , each including a processor , a volatile 
by half of the width of the metal line M and the right side memory and non - volatile memory . The computer system 
shows a shift by the width of the metal line M . As shown in may be connected to a computer network . The layout 
FIG . 4c , no portion comprising a via V is shifted in order to construction tool , the pattern matching tool and the layout 
maintain electrical connections between the metal lines in 60 modification tool may be provided in the form of code that 
the shown metallization layer and conductive structures may be executed by one or more processors of the computer 
below or above this metallization layer . system . Codes for causing a computer to function as the 

FIG . 4d illustrates a case for shifting a portion of a layout construction tool , the pattern matching tool , and the 
determined semi - isolated metal line M having an L - hook layout modification tool may be stored on and provided to 
configuration ( the left side shows a shift by half of the width 65 the computer system by means of conventional storage 
of the semi - isolated metal line M and the right side shows a media such as hard disks , solid state disks , memory cards , 
shift by the width of the semi - isolated metal line M ) . FIG . CDs and DVDs . 
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7 . The MoU VI 

As a result , the present disclosure provides techniques for 6 . The method of claim 1 , wherein a metal line in said 
BEOL in the context of the manufacturing of integrated layout is identified as being a semi - isolated metal line when 
circuits wherein layouts are provided for metal lines of at least a portion of said metal line in said layout has a 
metallization layers based on metal line shifting of semi - distance to a neighbored metal line of at least a predeter 
isolated ( portions of ) metal lines . Consequently , semi - iso - 5 mined value . 
lated ( portions of ) metal lines may be formed with larger 7 . The method of claim 6 , wherein said predetermined 
distances from the next neighbors and with increased value is one of 2 , 3 or 4 times a width of said metal line in 
widths . Thereby , copper or other materials used for the said layout . 
formation of metal lines may be reliably formed while 8 . The method of claim 1 , further comprising reading a avoiding increased resistances and capacitive couplings that 10 pattern from a pattern catalog and wherein said shifting of pose severe problems in the conventional manufacturing said at least a second portion of said identified semi - isolated process based on layouts of the art . 

The particular embodiments disclosed above are illustra metal line is performed based on said read pattern . 
tive only , as the invention may be modified and practiced in 9 . The method of claim 1 , wherein said shifting of said at 
different but equivalent manners apparent to those skilled in 15 least a second portion of said identified semi - isolated metal 
the art having the benefit of the teachings herein For line is performed based on a design rule . 
example , the process steps set forth above may be performed 10 . A method , comprising 
in a different order . Furthermore , no limitations are intended providing a first layout comprising a plurality of metal 
to the details of construction or design herein shown , other lines of a metallization layer of a semiconductor 
than as described in the claims below . It is therefore evident 20 device ; 
that the particular embodiments disclosed above may be identifying semi - isolated metal lines within said plurality 
altered or modified and all such variations are considered of metal lines in said first layout ; 
within the scope and spirit of the invention . Note that the use shifting at least portions of said identified semi - isolated 
of terms , such as “ first , " " second , " " third ” or “ fourth ” to metal lines into available space in said first layout to 
describe various processes or structures in this specification 25 generate a second layout such that said shifted portions 
and in the attached claims is only used as a shorthand of said identified semi - isolated metal lines are located 
reference to such steps / structures and does not necessarily further away from closest neighbored metal lines in 
imply that such steps / structures are performed / formed in said second layout than were said portions of said 
that ordered sequence . Of course , depending upon the exact identified semi - isolated metal lines in said first layout 
claim language , an ordered sequence of such processes may 30 prior to being shifted ; 
or may not be required . Accordingly , the protection sought determining portions of said identified semi - isolated 
herein is as set forth in the claims below . metal lines that are directly connected to vias formed in 

said metallization layer and wherein said shifting of at 
What is claimed : least portions of said identified semi - isolated metal 
1 . A method , comprising : 35 lines into said available space excludes portions of said 
providing a layout for metal lines of a metallization layer identified semi - isolated metal lines that are determined 

of a semiconductor device ; to be directly connected to said vias ; and 
identifying a metal line in said layout as being a semi fabricating said semiconductor device based on said lay 

isolated metal line ; out after said shifting . 
determining a first portion of said identified semi - isolated 40 11 . The method of claim 10 , further comprising defining 
metal line that is directly connected to a via formed in shift windows based on said identified semi - isolated metal 
said metallization layer ; lines , said available space and said portions of said identified 

shifting at least a second portion of said identified semi - semi - isolated metal lines that are determined to be directly 
isolated metal line within said layout , wherein said connected to said vias and wherein said shifting of said at 
shifting of at least said second portion of said identified 45 least portions of said identified semi - isolated metal lines into 
semi - isolated metal line excludes said first portion of said available space is performed by means of said defined 
said identified semi - isolated metal line that is deter - shift windows . 
mined to be directly connected to said via ; and 12 . The method of claim 10 , further comprising reading a 

fabricating said semiconductor device based on said lay - pattern from a pattern catalog and wherein said shifting of 
out after said shifting . 50 said at least portions of said identified semi - isolated metal 

2 . The method of claim 1 , further comprising increasing lines is performed based on said read pattern . 
at least one of a width and a length of said shifted at least a 13 . The method of claim 10 , further comprising increas 
second portion of said identified semi - isolated metal line . ing at least one of a width and a length of at least some of 

3 . The method of claim 1 , wherein said identified semi - said shifted at least portions of said identified semi - isolated 
isolated metal line is neighbored to another metal line and 55 metal lines by means of an optical proximity correction 
wherein a distance of said at least a second portion of said technique . 
identified semi - isolated metal line to said neighbored metal 14 . The method of claim 10 , wherein metal lines of said 
line is increased by said shifting . metal lines of said first layout are determined to be semi 

4 . The method of claim 3 , wherein said steps of identi - isolated metal lines when at least portions of said metal lines 
fying said metal line in said layout as being a semi - isolated 60 have distances to neighbored metal lines of at least a 
metal line and shifting at least a second portion of said predetermined value selected from a range of 2 to 5 times a 
identified semi - isolated metal line are repeated for said width of said metal lines . 
neighbored metal line . 15 . The method of claim 10 , wherein said at least portions 

5 . The method of claim 1 , wherein said identified semi - of said determined semi - isolated metal lines are shifted into 
isolated metal line is shifted by a predetermined distance of 65 available space of said first layout by a predetermined value 
one of 1 / 4 , 1 / 2 and 1 times a width of said identified semi - selected from a range of 0 . 2 to 2 times a width of said metal 
isolated metal line . lines . 
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16 . The method of claim 10 , wherein said metallization 
layer is a second or higher metallization layer of an inte 
grated circuit . 

17 . A method , comprising : 
providing a layout for metal lines of a metallization layer 5 

of a semiconductor device ; 
identifying a metal line in said layout as being a semi 

isolated metal line , wherein a metal line in said layout 
is identified as being a semi - isolated metal line when at 
least a portion of said metal line in said layout has a 10 
distance to a neighbored metal line of at least a prede 
termined value , and said predetermined value is one of 
2 , 3 or 4 times a width of said metal line in said layout ; 

shifting at least a portion of said identified semi - isolated 
metal line within said layout ; and 15 

fabricating said semiconductor device based on said lay 
out after said shifting . 

18 . The method of claim 17 , further comprising increas 
ing at least one of a width and a length of said shifted at least 
a portion of said identified semi - isolated metal line . 20 

19 . The method of claim 17 , wherein said identified 
semi - isolated metal line is neighbored to another metal line 
and wherein a distance of said at least a portion of said 
identified semi - isolated metal line to said neighbored metal 
line is increased by said shifting . 

20 . The method of claim 19 , wherein said steps of 
identifying said metal line in said layout as being a semi 
isolated metal line and shifting at least a portion of said 
identified semi - isolated metal line are repeated for said 
neighbored metal line . 30 

* * * * * 


